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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a GaNfgallium 
nitride) based field effect transistor capable of 
handling larger input amplitude making use of a gate 
insulation film. 

SOLUTION: A channel layer 3 and a gate insulation film 4 
are laminated on a substrate 1 through a buffer layer 2 
in order of precedence, and a gate electrode 7 is 
arranged on it. A source electrode 5 and a drain 
electrode 6 are on both sides of the gate electrode 7 
and electrically, connected to the channel layer 3 
through the openings 4a and 4b. The channel layer 3 is 
composed of n-type GaN, and the gate insulation film 4 
is composed of AIN(aluminum nitride). The AIN has a high 
Schottky barrier because of being superior to insulation 
and can handle a large input amplitude. This can also 
form an inversion layer in an enhancement mode and the 
same operation as Si-MOS(silicon metal oxide 
semiconductor) can be made. 
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(57) imm *-* 

— hm^7^iBtS:$*t-cv>6. y-^ti5tKWy 

«$6fci:, y— h®S7§r^tf±5t-L-C»P4 a, 4 

t*/H 3linS©G a Nia 9*^$^ M» 
m4 teA 1 N(C<t«9l»^^nrVNSo A 1 NfcMfti&ttfc: 

S i -MOS tmtX 5*»f^Sr^*S-i:^^#5o 




1 

[ft*:^ l J (Ga) , T/W5-^A (A 

1) , H-^m (B) fciW^^A (In) *»6>*5 

i©5*.©'>*<fbiffioi i i^Tc^t^ (N) 

£*K, hiteiitMS: I I I0ot?££ LTT/uS 

-V^*'P*£< kh^tfl I I&hM' 1>7>Y Kfc-£«5¥ 
*# ic J: 9 mm L fc r £ *W®L £ -f 5 ®#3»*3! h 9 ^ 

bfc r £ =Sr#& £ 1 tE«cD«#fe»*g! h5> 

[lf^4] SfFlEy- httlMJtfr. A 1 j G a i-j N 

i mr-i v v^m^mm^x y mm ufcr t 
m&m 5 ] mrisy- btmmom&te. 1 n m^_h 

50 nmKTffllltWr £ Sr«P«-£-t"5'f»**-l IE 

[^^6] wfE^-t^/vsm^LxmiEy— hmm 
v rmmmzms-it^k zw&k-rz, 
m&m i mm<Dm^mm b y 

lE^r^ y T7knm<Diftmy- vi&ammts x^<drm 

l fE*<z>S#3&*3! h7^^„ 
[SNt^s] MIE^-yyr^^iidr^yr£bTS 

wrk Ltt^^wsi^i-cfosr £ *m 

-CWIE^- hite^<OS*MBl)(-^r J V y TIWi£ Ltt 
^PWM *m *. fc r £ £ -f 6 gt*« 8 |E«(D«# 

x#y <7-^*3J:^-r^v ;; f7-6.wp*>©^< £t#y ? 

^f*fi^*3J:t^p^*6^)/!i^D$ixTV^VN I I im-t 

4 Yv-i Yit-sm^mm^ x y mm l*: r £ sr#m £ -r 
s 8 iE«©m#^im^ h 7 

[ftJjtSl 1] lWfE«rHftSi&JI£, I I I#OTi5t£L 
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2 

-CT/W^-^A^oi^y t7A<D5*>»^^< £t^/y 
"7A§r-^tf£*{C, n^f*«W*i&&Q$;h/fc. I I Hfc-r 
-Y K-(fc^#)¥«#l- <fc ►) i £ £ -f 

[s«i2j m&m&mtm*. n imytmki, 

■7A^tf£#(c, WIE@^W*tS<t t) t>«8:as»v*a» 

i>z>w*pm*mmsmm£tiiti i i^t-w h7-f k 
it&m*n& k i t> «j$ ufc r. £ £ -t z> mim. 9 

7 J >'*5i;U5=S'<7-/U^f>/ , £^^<D5*><0^^< £1>1« 

Sr-^tr^M{- <t •? #JEK bfc r £ £ f *W 1 IE 

m k -rzm&m 1 iE«om#3a*M hy^^ 

i 5 ] Miey- hsis«, meflHeic J: o y 

20 -b«5SdK£©S^t®S*s«|/h$ttTV^r £Sr#?R£ 

[ff^l6] ?J"y!7A (Ga) , T/W$-^A (A 
1) , ftpm (B) fci^Vi^^A (In) t>bt£Z 
mv>5lb<D'Ptj:< khimo) I I I^7c^£^* (N) 
£«r-^tfl I im-T^i b9<4 Kft^¥i*J:t»i5f 

h7^^ cdS! i£;tf o T » 
30 j««Sr»riWa«j««»rtXSi:» 
^^•r?>y5— 7*— h^JERX^£, 

^ 5 -y- h owmiz.wm&Mf&-rzwmm)$.jLUk » 

y5-y-N£{il^£Sr^^^£ LT^-MStloi 
^^tpi £ ^#'#£ h 7 OM3S 

*?-T**m<D±icy$-y- b kwmk &mm vxmtR 
40 m^^tt bm*i&m.\s. ^©±tv-xiii 

[0 0 0 1 J 

mmtom-rz&ffi&m] *y^A (g 

a) , (Al) , *:>7^ (B) ^.fctMV 

v 5 ^^, (In) fabt£Z>m<0?1b<D'J>t£< £ t> lffi© I 
I I^5c*£^ (N) £3r£tfl I lStYh7-<K 

50 fc&®*mmc£v<?-->r*/i<mzj&mvxt£zmft$h& 
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mh7>vx?&£xM:<?>m&ijmiz.&v^ m^. y- 

[0 0 0 2 J 

we*«>sflf] i i iter 4 by* vfc&<to*mvr?b 

z>#v *?&•)•* by* K (G a N) ft^CDmU^m^ 
3. 4eVi^<, mHm#&mHrtig. iC*<D± 1 . 

5 e V^JiCDt i-5^fc5i#^-f>ttrVN5„ G 
aN<Dffifamg.ttfo2. 5 X 1 0 7 cm/s "Cfc •? , fife 
©^S#T?fc5->!)3> (Si) ^y^ASt^ (Ga 
As) -^v-y ay^-A/f K (S i C) [Z-tt^XXZ 
V\, JEtC, GaNO«8ti(i|5l5xl0 6 V/cm 
fc, S i^>GaAsJ:»)i-««±^t<> SiCiD 
fc*£V\, ZiVfr*-. GaN(4ii5JDi£, iSifi, ASTlffl 

[0 0 0 3]ifi¥CI-5m GaNlrfflV^IM 

* (Field Effect Transistor ; FET) {Co^TMSS 

[0 0 0 41 Ell 6*5<ktfl§Il 714, GaNWcl 
R&&mbylsi?x?<D$£$£M&$i-rh<D-C3bZ>o mi 

6 I^T Lfct^lS h 7 >v?^ ^ v*i^5MES 
(Metal Semiconductor ) ffiif K> , f77-f 

T 1 0±liitt©Ga N <t 9 45/<s'77l 2 Sr - ^ 
Lt ni©G a N i 5 /iSHIl 6 3 ^:<D 
±icy-hlfi7, y-X«g5*3<fcU<KW>-ttffi6 
^fr-m^^ih/rV-'S (M. A. Kahn, A. P 
L.,62 (15), 1786 (1 993) ) . 01 7 
IC/T Lfcl#ail h 7 ^ v?^ ^ II, V^^SHEMT 
(High Electron Mobility Transistor ) Wi^cOt>(D"C 
•^^7 7-rTS^gl©±(^*fi#J§r^nb^V^Ga 
NJ: OftStt^ Tfc'fiVf 7 3 b tnS©A 1 GaNJ:>3/£ 

7 3a k&mmmzti. *<D±iz.y- b 

^M17 3 a Sr«tfJ: 5l£y-*«1g5 t KWVi 
^6^;h^;}X71^ijc£*VCV^.5 (M. A. Kahn, 
A. P L.,65 (9), 1121 (1 9 9 4) ) „ 
[0 0 0 5] Sfc, SU<D#!|-CI4, HEMTfiljtlcSS^T 
A 1 GaN£<9ti:Z>n^-&ffim<Z>m£$:m<1-ZZbiC 

49, mmv- bn&zovtfi&t ufc *>©*>#> 3 

(M. A. Kahn, A. P L.,68 (4) , 22 
(1 9 9 6) ) o V^^oiyAV^^ > h*— K<Dt> 

[0 0 0 6] 

5 4ME S«ig-^HEMT«jg<D«#^)mM h7^ 

*-ci4, y— h«^(c*5its^M<b¥^t<ov/a h 

1 ~ 1 . 2 e Vf§«iJfc]&lft/Jx£ <, GaA 
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slOVa-^^-BI (0. 7eV) <fc 9 teAc^t) 
mftfa-y— b'**7**±% < iivfcviVNpFg 

jatv^5 X MES £v>5a#8b*3! h7>-^i?© 

[0 0 0 7] itt(-*fL, S i ^t?fi, MOS (Metal- 
Oxide-Semiconductor ) M (-t*^*3*>M I S (Metal-In 
sulator-Semi conductor ) M) <OW.ft%)%:8!Lb y 

10 14, S i (0H-fb«b«>vy =Hs**-f* K (SiO,) # 

£«©jftwre*>a y-bnm&y-bmm 

mt LTCDS i 0 2 BI£r?>LTS i M<0±KB)$.h. S 

LT»fls£*TV*5. ^(Dtctb, Sil©t#MIh 
7^**^»4A;*J^*I£-X-£< iS^tms. 
[0 0 0 8] t^oT, GaN»©t#ja«Sh7^ 
*fc*svvct>, S i 0,tt*©i*v*l*B8: , t>t>fl;¥»K: 

20 £„ -ttUCJ;!), GaNK^T^^DKWJEttifB* 

[0 0 0 9] *^^t4A^5B3ja^i^«^T^$*Vfct) 
O-e, ^©aWl4, ^*WfcSfifffibfcy-M6»RSrfll 
^5rtfc<fc»s *#*AAtR««ri:S£i:#-eS*G 

■ - Jiw-r5-w<t ic$>5. - • ...... 

[0 0 10] 

IWmZMikTZfz-VXV^m *&W<Dmft%}%:$l b y 

30 y^7AA^*5»©?*)©'>^<nil©I i iiS 
TcmtM^iSr^tpI I I^T^f by* wt&m^mfr 
{CfciJ^-Y^/vS^^b-C^StcD-Cfeo-C, y— h 

mmtf-^^m t ©w^y- hi&iRigfriii*.* £ * 
z.<Dy~ bmrnm* i i i^7c*t lttw?-'? 

A£r4>fc< i fc-£tfi*e$i:© I I I m-T* by* 
«if«l»#KJ: 0«J«l,fct>OT?a>*. 

[0011] *f^©t#«l«l h 7 V^X^<D»^ 
ffi(4, T/W5-17A, *"?*i3j:t/W^i?^ 

Aa>kft5f¥© 5 *>©'>&< it li© I I I&TcHii: 

40 sr-^tf i i i m-r* by* Yit^m^mwi. 9 ft 

fcoT, ^^^/v-etr^Ufc(D*>, ^:©±(cy-M^ 
y— h^JtSlSt, y-KO«B{!ifl!H8Sr 

^ t Lry- b&mm<omi$.m&miRmz&3xL^ y- 
50 loon) i©i#jassh7>-^^m y-h 
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5 

mmKmi£*tox.z>t, ^<om&\^cx k w >mm 

T/is* kh^trmt&i7i<Dl I iM~r-< V 

Yik&m^mvm *) ^^y- btimmmxzivx 

[0013] r h7^^ 10 

[0 0 14] 

i&w<Dmm<Dj&m] sir. ^m<Dmm(omm^^^ 

[ooi5] (fg i <Dmm<Dmm) m i i^koi i 
(omm^m^^m^^m b7i/i?*?<DMf&&m 20 

*fr\^x^^*;vmzb?-vmMm4wmkmmisth 

3 1 mm.m^mm^tvti k w >-m« 6 ^ ^be 

mmst kw ismme t<om^y— bmm7&%mz 
^^rv^^ 0 y— xmms, b^^omme^xx^y—b 30 

■»7tt, W*.ri«Ri<o«^6>^> (Ti) , T)V 
(Al) &£Tf& (Au) £Jffl&«JiLT*j£ 

[0 0 16] 7 r 1 2 li« t «gft(OSttG a N 

*«^UfcnSlGaNKJ:9«|j«**tT*59, 
Wx.tflX10 18 cm- 3 -efo5 o fc*5, ^-Y^m3<D 

^e— K ; depletion mode) £ ft Y) s ^*B«J»fl[ Sr® < i~ 
tttf J/V^/V^^7 > K ; enhancem 

ent mode) £ &<5 C 

[0 0 1 7] 3 1 m m 

CO#^. TmV0$&8t& 5X1 0 15 c m- 3 WTl-*5V^T^ 

Al X 1 0 18 cm- 3 {C^V^T^i7 ^ ^ P l/^i/3>'^~K^ 

*5 0 7tt4feB£*S5X 1 0 14 cm- 3 «T(C*5l^ 50 
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Tl*. MB8i7(c:]E(D«flESrJn*.TV^< 

[0 0 18] h!6WR4tt«*.tfT/u5^^^^>f 
h7-f K (A IN) fc±9«filESturi3 0, ^tf>J¥£te 
PJtfi3nmt*otV^o ft**, E] 2 A 1 N £ G a 
N^^iU^a^ (Pt) i:GaNt«^K8 
»*ffiSr*i- 0 rr-e, AlNtGaNtOMttESI 
»!/^K«5lTfe5o *fc, AlNtGaNi^y 
KSHRJt (AE C /AE t ) te N GaAs|i:i5f^C 
t£itoT»0. 7gStUc 0 M(C N H2l^tt, m 
»«J(C#?>ttTV^SGa Ni P t tO->3 > b^f— H£i£ 
(1. leV) (L. Wang, A. P L.,68 
(9) , 1 2 6 7 (1 9 9 6)) fcloV^ fc^fcHtrT^ 

\*-&tdtobtlX^f£^&, AINiPt k<Di/B ^ h 3r 

ti, G a NJfcttG a N3RHEMT*f bi^B y 

«^*jfa*j£<DS«rV*5a s , r^TOAIN^SiO, 
[0 0 19] El 31^- b««7 0Tfcjsrt«e^^ 

— h««<D|ft»|»»3^>C#<*oTV^ 0 H4*c 
^•Y^/WI 3 SrJfttG a NT?*J« bfc»^<0^- hm« 

:©B^t>, ^ir^Jl3*Kttofc5VMi?F*fi%j(ia 
*5ffi«)TteV^GaN^J:D«*-**^fi, Si-MOS^ 

[0 0 2 0] ^*5, A l NOJ|fi»tt^BBLTttiia5fe^« 
^S**4XTV^4 (A. Bykhovski, J. Ap 
pi. Phys. , 77 (4), 1616 (199 

5) ) c z&xmz&^xte* msicTjkvtixsic, 

77^7SS1 1(D±[CA 1 Nil 2, K&<Di -Ga 
N|13, nI(Dn-GaNSl4, AlNlU^J; 

n n - G a NS 1 6 Sr«ft«I L, n-GaNjl 
14(D±^n-GaNH60±|:lgl7, 1 8 Sr-^ 
M«Ucn-GaN/A 1 N/n-GaN^t 

— K«rfflV^HR8rfToTV*4 0 n-GaNll4<Of 
Sttl/xm, AlNil5©*Slt3nm, n-GaN 
116Oi?$^0. 4^m-C*>^) 0 

[0 0 2 1] H6^<D«*Sr*-r o ^<OJ:p(cmJBE^ 
2V<Dt£<ommit (I /I o) 113X1 0 5 -C&£ o 
(&U IoliO. 0 3 4 nA, x ^-f * W>f*— K) 
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Bi(i3 1 4 00Mm 2 ^fc6o tot, HttWft^ 
bffiflT?*)* 1 0 0 /*mM:i:fctt£B^ffif4#6 3. 2X 

[0 0 2 21 r^lttfcjSV^rtt, A1N1150I$ 

ff S i n mgft(D i t © t»fi*W S 3 n m 
<Db%<Dl 0 0{g (t4fo*)3X10^A) *^i#^p-T 

T?ts 0 u^bft#e>. a i Noim^miz&ftzmz io 

tf^fb^O. 3nmgStfcSrtH, A-lNS:ln 

[0 0 2 3] ftla. **Jllio?g«^«*«IWb*a! h 9 

£>ffii£lC*5 it S ^ * 3^&/^7rl2 <£> — 

8Ktt«*.lf^ y (He) ^*->-^&A£;h/ri^ 20 

[00 24] r©J:5*«figSr^r-r5®#a*Sb9^ 

[0025] *1\ #);U4, t7r^7J;9*5clO 
S«l£ffl#L, (H 2 ) Xx&mtS.I'Kisvx* 

"i"0 5 6 < ct?> y— -^i-s,, atv-vr* m±t£s w& - 

&5 2 O'CldTtf. MOCVD (Metal Organic Chemic 
al Vapor Deposition ) jfe^<t V JWM#*$:@if& Loo 
U|2 5nm<OGaN©TttSl (m^itf) SrJ*S$* 
•5 0 ^rCDWt,, tflJxtf> SS^l 0 0 Ot^-Hf, MO 30 
CVDj£{cit)JS3|s|-^Sr«^boo^s'7r^2, ^ 
■T^/W13, y-M6i&Bg4^^^S$*5. t£ 
GaNTttfe^tfiii^r^^ (nuc 1 ea t i 
on layer) i M^ft, G a Nl$9;X\-£-£:%a<D 
SflST»S>5. 

[0026] z.^xmn#Mz\^ wz.&* #v?j>.<d 

S^iLtMJ^f/V^y^A (Ga (CH,),;T 
MG) , T/VS. — V&coWMb UT bV ^.f-/VT>v%=- 
9 A. (Al (CH.) , ; TMA) , &m<Om.MkVX 
TV^-T (NH| ) tiXXfnMcD^li&yoomifri: LT 40 
->7> (SiH.) Sr-fcft-efWBV'S. ##*<Diilcfi 
14, W&tf, TMG/5M 0 y mo 1 /m i n, TMAi s 
lOnmol/min, T^^e—TtfO. 4 m o 1 /m 
i n^iOtV^^O. 0 1~0. 1/imol/mi 

8 y y h/P/m i n i 8!)?' N/v/m i nO 

(N s ) ^X§rJfE-r o Mff*tt«tf2 5 0To 
r r XfoZ> 0 

[0 0 2 7] jj^T, ^«P8©^^|C^Jx.liHe 
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«SrfTofc©*>, ^Jx.liS^tt'l'^-V^s'^-V'^ (Reac 
tivelon Etching ; R I E) ffi(C<t 9 </— hit&i!3d&4 £ 
il^W{-^*LTPBP4 a, 4bSr^-f--5. PBP4 
a, 4 b£^/&L*LCD*>, y-*, 4*- h 45 J: K W 

;\s*-VA&&x*&*mfcmm-fz>z.tKx.<o, y— * 

147 0 0 < C^l^-KWfRi«LaSrfi 1 V\ y-*«l£5*54 
T/KW V«K6 ^ h«fei^ig;T^-&S 0 

«fc t» H 1 fc* h 7 PkttZ* 

[0 0 2 8] U1T, r©l#Wh7y^?ffl» 
tco^Tl&WiJ-So 

[0029] iotMIF^y^^m 

y-h«6i^)K4(c < };i9ite^ 
fco-cv*5©T, h«ffi7{c*D^^.r t 

fc a i N»4^igttt^Hv^<D-e, y- ht£&m4<Dmz 

©Bggt;5*$S< k A 1 NOJtpS^^ 1 0 

t, S. i0 2 ©4 4 9t>;*:#V^©-C ffiSn^^^^ 

[ 0 0 3 0 ] &*5, h^E— K<Dj»^-(C 

(4, h»B7fcE©«£E*JO*.5i^*/l'«3l'i 
{^ffi^^jg^ix, y— ^.«ffi5 t KWV««6 

b=t— b^m-B-iz.^ y—bmm7\z.jE<Dn&. 

[0031] r©45 fc**J(6©?!?l8l::fll5«JS4»*ffl 

b7>i?*?K£iv\^ AiN£yt£z>y-bmmm4 

BMM<rm^Lk\^ S i -MOS tlDCJ; 5 

[0032] y- vmmm4*mm.<»^PL \ 
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[0 0 3 3] HtC, y-hiffiiS;J^4SrMOCVDiEfe(C<J; 

it KWil 5 ©lft*tt«r»Sr *P 

*.T\ ^r*/v®3t>MOCVDi£lc«fc«Jj&J£$iir;fcn 
MGaNicJ:t)«^i-S<t5{cbfc<DT?, ft^/H3 

[0034] (m2<Dmm<oT&M) m7te*&w<z>$&2 
<Dmm<Dwmic&z>m%-%imm b y 9 comrftzm 
-rhcoxfoz. z.<Dm%-%}$mYyisv*9\z, mi co 
mm<DW*m^$$tf z^-T^rn 3 1 ? r /i 2 1 ©h 

fc«rBSf#» flhttJISl<03«fc<O»tti:IBI-<D*j«Sr*bT 

[0 0 3 5] tt?l*K* 9 tt«*f*iMSi*©J*tfcA 1 „ 

0. 0 5 Mmt&oTV^,, r© I I I #s7Ci!i©jiia/£J£ 
f*. #tj;il2\ T/w$-^A*S0. 8 

x = 0. 2) ^-r^/^3 
14. fj , I$#5 0nm> ^fmtomg.ft 2 X 1 0 18 
c m~ s ~C&>-5„ 

[0 0 3 6] mQK#~YW&7(DT\^&rtZ>&m8r<0 

3 tcfcSSi; 5 li^oTi^o rHMJ: <0 . *IS 
=> 9 g . ©if a — h^-v^i^&jHwJflj 

(4, ^-^^/v^3©Ji:$!iS*v^s<};!9iSv^*Sr#S 
[0 0 3 7] r©*JM**§Sb?:''S?**W:» 

loiaiso^tttiaiaiKibrKjfrrsiiswcts. -f- 

0Ux.tfSl£l (O^icmmtVX^^^G a N 
y7 7 i2, tt?Mt»9, ^-r^/V^3*5<tt^y— h 

[0 0 3 8] Hf^ r©t#MIF7V^^im© 

-?ifc5©-<\ ^lOHJfeO^flgtl^^Hc, h«1S7 
fc«©tt£ KW rcil:, 

^^^/w«3^*fLTy- hfl6lRM4®K*ttHK:freHt 

x. tBK^^y? 9 mmxmtt 
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•rso *fc, v-g- h^-^-^/w^s^wj^^ *m«E 
&\,^xhmmxhZo 

[0039] ifflJ;? lc*Hlro^ilc#51^SS! 

h^^^^t-itvii, ^-^^ms^Mvxv—bm 
m3<Dm£&m<-fz> x pi^Lfc©-?, ^s.^>99 9 

^g.^<t5rtm, 

fc, JBl©ia60Jg«i:ra*fcAlNJ:9*S^-Hft 

[oo4o] (m3<Dmn<z>j&M) m9\t^mcom3 

i-t> 5„ r©«#3b*§tb ?>'i?x9te. S20 
Hi£©^fS(£*5tt£^-^/WJl 3 fcft*.X 2 

20 3^<ix.fcitsr^#, mnm 2 <Dmm<omm tm-<D 
[00411 2io*tyr«l 

(r^liifM12 3a) OP!lt*t!)7j|fTl 
(rrt?lil?-*fi ; 12 3b) Sr»EA/*9llJ*&*LTV% 
" ^"0 m-7-W*&M2 3 a (4, W*.«v -SS#3 n-m--Cfc -. - 
9, nSWtUTS i«D$hfcn!GaNtJ: 
9«/££*irC^.5 0 7iM«bSft»M^.tf 2 X10»cm 

30 mx$>*). nM^mooisxxfpmtFmyo&WiMztvx^ 

1 MTcmcDmf&tti-z. mxttuv 0 . 8 tm 

1>A^0. 2 (-T^*3*>y = 0. 2) -C*>5. 
[0 0 4 2] 01 0 l-y- hffi®7©T{-*3«t^^« 

K«ja:Ba r©i 51-. *2m<oi&mz.& 
i>m^^mvy^^9x\^ m^m^M2 3 a tm 

*7£ftm2 3bbtf^<ro&&btj:-oX*!;<0. 'Nfng 
^■ffffiK*5V^r«^i*#&* 2 3 aH^S^fcbW^jfeff 

40 oTVn^c i©«)g«, A s MMHit) b y ^v 5 ^ ^ 

f $^tV^5PHEMT (p s e u d omo r p h i c 
HEMT) (^{Kbfct.^'CfcSo 

[0043] r <om^mm by>v* 9 tt. mivm 
McDmt&bmmzisxm&-tz>zbifix£ z> 0 

*>s ^!l^f^«El©±(cBl*ttLTV^iV^Ga NTi 
^^g^-frfc©*,. ^Jx.JiMOCVDfe(Ct 

TM2, m?mmm9, i?Mi2 3a, mf?-imm 

2 3b, ttVU&m 23a *S it^y- h«6i&^4 Srffitfc 
^g$-B:6o m^nm2 3 b £j&g:£-fr5K!-l;J\ 

50 >'v J >?A©Jl)|sfi:bT^Jx.lihy^^v-r>v :: ^^ (I 
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n (CH,) , ; TM In) §r/8^5 0 &tf*<Dffim 
II ^Jill TMGS:5(imo 1/mi n, TMInSr 
40/imo 1 /m i n-C£>5 0 * V T U 

m#*<0%-% 16V v Yfr/m i n«i% Afttt&ttffll 
£(48 0 O'C-efc^o ©?-^fT^2 3b 

JB ****** 1 ©3WSO»«ilHI— Cfc 

[0 0 4 4] c.©®##*Sb7^**(4ifc©«fc5te: 

7(c®EE£;!jP;L3i:, ^rcomjE^jSCT-^TC®^-^^ 
©»£a**B»U y-^li5i:KM>iffi6}:©| 
(cflfch,* KWy««t5. w©£#«^-«*MI 

2 3a t mttftm 2 3 btfi#88£ti,-ci^©-e, m^- 

tt?F*fi*teJ:*1RaSr5H-i"Kjfeff"#-4. tot, S^- 

[0045] c©4 o K*mte<oMmz.mz>nfm&%2. 
h7^^ (c .tmf , n+fe&m 23 at m+fenm 

5 i-J~f(c®^25*Mf-r5 r t as-et iot, ®^-© 

k^-CtS. *1 i: raWtA 1 N J: 

5 *€>y- M6IUK4 «Mi*.TV*.5©-T\ $&l©H;8g© 
»«fc*sv^-C«Mbfc36*t>*L-CV^«. Htc, 12© 

[0 0 4 6] (S& 4 <DmM<DT&W) HI 1 1 f4*3g91©fS 

4 <?>mM<ommiz&z>mft%imm h ? 

m-fh(D-?hZ><, r©«IM**S!h?v^^W:, S3 
©fgJ6©J£l£ili31tl(c, £El©±l^?'7rI2^ 
LT®-?I$MJI 3 9i34U^*/WJI 3 3 dSJiIftWS* 
ftTiSt), ^-V-*/W13 3©±(CI4y — *®ffi5i34U* 

14^- hW4 Sr^Lty- h««7i^EKS^TV^ 

« 7 ©^ */wi 3 3 tc^5«*w8H*©«3ea*j%fc 
orv^rt^it, m\zm 3 <Dmm<oMi& km— ©« 
/&&*-l-cv^ 0 tot, 

[ 0 0 4 7 ] fl^GMIJi 3 9 14, f&3<Dmte<Ol&1&bffl 
ttA l,Ga,-,N^J:9«*$^TVN5 0 <1U II 

i Si7c^©«a*Jt»4, pijTitfTA^^Aaso. 3-c# 

y^AflSO. 7 x = 0 . 3) -ffeS. 

[004 8] ?-?*)vm 3 3 tt. m*mmm 3 9 ©±ic 
0* * fttc* ^ y 7«l ( c r -craw? 3 3 

a) i, *©±l^*$ixfedr^yT*tf® (CCCM: 
tf««I3 3b) iA^ffi/££*VCV^o tfMI 
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3 3 ate, m£&5nm-?h<0. ni^ftt 

LTS i i>mto£i%tcnMA 1 , G a ,-, NfciOfll* 

*ttrvN5 0 i i i m5tme>m.i&&.\-z. #i;U4ta<5 = 

■7^2*0. 1 5-?tf}) 17 A/55 0. 8 5 (i"^*P^>x = 

o. 15) -efc^o £fc ^mwstsutm^tii x 1 o 

"cm-'-ei>5„ H-^-TfefT € 3 3 b (4, 0>J;t(4, J¥£/!>s 

JXTWi^G a N(CJ: t)^*ttTV^So 
[004 9] f-^Z-frM 3 3 ©_t(C(4, y- M6igdBS4 
10 (Cgt&LT = bM4 ltfmf&&tlX&*). %<D± 

Icy — xmm5b KKVli6 t«5^^$jT, 
TVn*. =J>^ M4 114. Mx.t£. mZfrO. 3n 
m-Cfct), nm^-Wfat LTS i ^^AP^tufcinMGa 

i n, n(c4 !?**$itTv^6. 1 1 im^mom 

/&Jtl4, #>J;t(4;*f y !7AdS0. 8 5f^y-7?^0. 
152 (■*-fcfr*>y = 0. 15) ?F*fi^*l4 
0!)*J45 x l 0 w cm- 3 -Cfc-5 o 

[0050] ?— h«&gdBl4 ©_k(c(4, «*tt£*rl-S 
mat 42i, i ©{« 4 2i!y-h IfitHK 4 jfflffOffiBo 
20 {ctftrt^fc^— h®S7i:^j«$ttTVNS 0 fiiJM4 
214, #J;LI4, *gas*l)0. 2 )1 m?i)9 > ^yaW 
h7^K (Si,N 4 ) l-i!3«*$^TV^5c -t"^*? 
*>. *H3fe©^flS©m#«)*a!h7^^^-ej4. 

vwmi t y—xnM5&&m£tiit='>#? M4i 

T43 *)\ -7-^1115 t -Mt« 7 t ©M (ci3.lt S.Jg 

St (VN^^^y-^sfet) */>$<-rsc t^-c#6<t 

5(-*oTV>So y-hS^17l4<7 t -hitei&M4 
t ©^M®a*sfiaig 4 2 (c 4 >) «g/h $ ttfc v 1 1> <4> Z> T -7* 
30 - h«3tSr*b-C*3 0, y-h«ffi7©S^L (V^^S 

y-hffifet) */J^<i-5ci:^-et54 jic^otvn 

[0051] 3^^M41, y^tft5*5iVK 

[0 0 5 2] ^<DJ:5*«/«Sr*i-*«IKft*ffib9^ 

[0 0 5 3] ffs 012 (a) i^l^fcX 5 (-> ^1 

*V^GaNT«ilSrJSEfi**fc©*>. #Jx.fc£MOCVD 
Sfe(CJ:i9^^^T^2, 1^113 9, ®^«*&®3 
3 a , S^ffJl 3 3 b&XTfy- ^r«^-T 
Si^iiU^AlNiSftSAl NI5 1 Srjfcgs* 

mo c vDtt^#«i i (omm^m t m—v$> ^ c 

[0 0 5 4] &V^T\ 121 2 (b) (^b^cJ: 5fc. - 
50 OA 1 N^5 lCD_k(£ x PJitfCVD (Chemical Vapor 
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Deposition ) SfcfclJ: V^D ny^-^t-f K (Si 

[0 0 5 5] ig^-C, H3C< 01 2 (b) K^Lfc«fc 5 
fc, £® (t^^5-^-h5 2*5<fct5Al Nil 5 
lOl) MZ-\*x^y?mz.}:*) S i , N 4 
SSi,N 4 ^53^0. 3/imift5„ ^-©©^ 
111 13 (a) K^LfcJ: J,-, S i 3 N 4 l5 3^r«i 10 
li^ H9 7/W^-a^ (CF.) 7>*m\^tc 
RIESia»)»*U ^5-y-h5 2©ffilBt:HB!M 

[0 0 5 6] *Sm*mtfL\s1t<Oib. PIX013 (a) 
{^bfc±9(C, ^5-y-b5 2*5£ltt«4 2£:r. 
yfy^^tU, A 1 NS5 1 4-f!lx.(iT/W*y 

S) „ fc*5. A 1 Nl©7;u*ygi?rfflV*i5'f V 
;/&ffifl*<k&©&W-C£>t) (J.R.Mileham, Appl. Phys. L 20 
ett., 67 (1996) 1119.), rrT?!4, 6 O'CfcJn 

ufcT/wo y * tw 3 o ftmm-r r t m j: >? tr 5 . 
[0057] y~-htmm4&j&&LL.it(D*>, mi 3 

(b) \C7jkVtc£?iC ^ffi{C^Jx.tfMOCVDffi(Ct 

8 3^.^>14 1 &&.&pl£Z> 0 {IU ^5— h 

5 2*3«tTJHB)M4 2<D±\ZM\^X\?.^X:°2*t'\;Vf$.& 

1 hite^4 fcHttS-tfrTfltJ-jfefrJl 3 3bO± 

K4BRftt»*t5 (ay?^ M«5*IS) . 30 
[0 0 5 8] =i>-?? bM4 l£r^L/i©*>, 1214 
(a) (c^Lfci; 51', ^l©HJt©^t|sl#(cb 
ftm&8&mf&-tZ>o ^©©^ =>y^^ hl4 1 

©.her, ^jx.«y 7 h^-ym^x *)m$im^ i f-9^, r 
^ttf^fflS^K^-ci^ 7 0 cc-e 1 ^©its^a 

[0 0 5 9] y— ;*®fii5*5,};U 5 KWf':/«1&6 40 
Lfc©*>, -£ffi (y— ^ttfii5, KKytl6, =jy 
^^M41, ttiJH4 2*5<fcU^5 — b 5 2©_h) 

F 4 £^tj>#;*£/HirfcR I E&icJ: O^r©— SBSrBfc* 

[0 0 6 0] »tl4 3«rMUc©^ il4 (b) 

5 2C1) ICW^ h©5 4Srtt*»fiKU ys-<7*- 
H5 2^SW-rS«t 51-^5— y-h5 2J;!)t,*f* 50 
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*I©Pf§P 5 4 a £jiiR6<H-7&5£-r5o ;&©©*>, y s"fb 

(hf) ^tt^-y^-^^mm^m^^tc^^-y 

[0 0 6 1] 1- 5 2Sr^*bfcO*>, El 1 5 

t^LfcJ; 51-, (y-h«58dBl4, *&gdBl4 3*3 

£xfi&&mvmm vtz.&mm 5 5 sr^-rso *©© 

*>. WS?^ MB5 4^-t©±©A«K5 5i:*fc8ft* 
(!)7ht7) LT^-bmtt 7 
MIS) S£Hf (o 2 ) bCFthZ-Stetf 

*&fflv*fc K7-T^s/V^{cJ:»)ite^4 3 Sr3KR«jH: 

nSW^t^ i^J:*), HllK*Lfcl*j»^ 

[0 0 6 2] r©i 5UiU-C»ril$*tfc«IM**ah9 
v^**,*. &©«k 5J-»^i-5„ i ©«#$&*§* h 7 
V^^-Cfi, l>m^7{cSffiSr*P^S t> 

*tJ1 33b sx^7cm^-^^.©jgs^iii^ u y 
dsgfsss^fcnv^j? M4i t*mm4 2&mxxi& 

[0063] w©<fc 5 Ri*sai6©®ttK:«s«JM6»S! 
h7^v 5 ^^(Cj;^i > hW,m7 t y— X«115^ 

&r $ => > 9 ? v m 4 1 1 &mm 4 2-^ mx tat ... 

L-CgatSli-SJ; 5fcbfc©-C, ^*?n3>5y— ^.SfetSr/h 

8b*S! h 9 ^S? * 1 A 1 

N<tt)^sy- h«ftWR4Sr«^ *»o»2©H«©» 

ffikmMKm?mmm3 9*mx.. ^o»3©»s©^ 
iiiWKft**! 3 3 zmfrmzm 33a tt^t 

ff!3 3 b blc£ <0ffif8,-tZ>£ Sfl^V^ 
L|g 3 ©II^S©^fil(^*5V^TiftK Lfc3g)*t#bTV^ 

So 

[006 4] *^JS©^JctSSS#^mS h 9 

V^X^©Mit^ffi(CJ:^«, h 5 2*5<ttJ 5 

MS 4 2 4rfijffl L-C<7*- h^4 Sr^-TS J: 5 lc b 

[oo65] nm<DT&m*m? x*#w&wim u 

^c*s, *%Mtt±IE«-*Jt©^«HcRSS$tuSt©-C«: 

ZZoizLt'tf, i i iSSitLTr/v?-'?^^ 
tiitsv^eetfflsr^r LTv^^©t*isi«©^)m^#5 

•et-5„ A l,Ga H N©-ft^T-^$tU^o 

0. 3<X^l-efc5I I IJSt^f h7^K^Wi 
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fc* *3©-C, *<b#*L< fiA 
1 NT?fc-5o 

[0 0 6 6] ±E*5fatO»ttfc*V^TH:. 

b 7 « £ ;/ n i? <E>fS5 * $ fc> V — X fill 5 *5 

&^7> ! ?'i* (Pd) J^ny-Jr/W (Ni) ftifflSjg 10 

3 0 CCSrittitSiHA-ett^y 
(Mo) ^y^fV (W) Jfcif*SigUTV'»S. 
[0 0 6 7] HIC, _hBB#5U6©^flHC*SV»Ttt, y— 

>^.g. Sr^:^<i-Sit^-e^-5©-C, 5 0nmHT 
a5#*L<. 1 0 nmWTd5!|#|c»*LV\ f 1 

vm—m&mk-tzittoiz^ inmK±w*u^ 20 

[00 6 8] MfLX* JilB^3 ©^JScD^lCfcVNT 
1^«12 3 a *>=fY y Ttt*&*) £r® 

^*fefrJg 2 3b (i-^ip*>dr^ y T jfefirS) ©MfiOf-BB 
WL-r%> X V^4xd>— #©<%<• -?t><fcv\, 4 

a (-r/i^^-VyT^&S) SrWfjfefir/i 3 3 b ("T - 

[0 06 9] HI-**:, _h|2^ 3 ©SfcfeW^flgfclfcVT 30 
M**M&§r}&&OL;fcGa I nNlCt J: 

rt±<. n mpfssm * mto l ^ * « n s^sum*** <t 

LTt<tV\ iPxT^fc, i^tt^S2 3a^n^i!iE 
feSr«6*PbfcGaN»cJ:9«^-r5J:5fcbfc*s, nS 
^fcM&Srflfc&DLfcA 1 GaN(CJ;»)«^-r5<t5lcbT 

[0 0 7 0] |l>H3Hc, J:|E&4 ©Sfeffi^fflMCfcV-'T 40 
fit* S^-j^fif^3 3 b£n^^:fc<fctfp^Ffcfi!|&l£- 

*&« SrSsiP bfc G a N In X <0 m&t 5 X o t£ LT t <fc 
<> nffl^«lbSraS!nibfc*fcB:nffl^FM*d8J:lJ«pS 
^tt&SrSSflDLfcVGa I n NIC J: Ofll/ifc-rS J: 5 IZ. L 
rt><tVN 0 lfM13 3a^nITttft^tt 

LfcA 1 GaNIC«t*)«j^-rSJ:5lcUfc^ v ni^« 
<fe £ SsflP L G a N IZ. «fc 0 flf/fc-f 5 <fc 5 J- L T *> i V \, 

[0071] Mtc*7t. ±mm2t£^Lm4<omm<Dm 
mic}o\,^x\-t. nj-mmm9, 3 9 *»£<oa 1 g a n 50 
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^XVffiffc-tZXSKVtiAK I I I«7cii:Lt7;V 

M^mmmMish-fti 1 \m-r<< by* wi-sm^m 

X V ffifc-tZ x 5 1- LT t> X \\ 
[00 7 2] *P^.T*fc. tt. _tiEff?3:}o<fctff& 

4 ©Ifeig^flglcfev^-C, ®^ffti&e 2 3a, 33ai 
m : J-mnm2 3b, 3 3 b t©WI;:Xtt©GaNJ;!)4 

thS (J^ttWttf 1 nm) £JfAU ®^ 

[0 0 7 3] JEl;:*fc, -hlE^4<OHJ£W^*H-*3V^T 
tt, ^5-^-h5 2£S i O.iaDS^tSt* 

y-hmfii7Sr^-r5i-^fe3i*>ro^5— y— h 

5 2 £r|S&5fe-r-5 <fc 5 I- h 5 2Sr<?V 
j/^^V^y ^>*i?<DWf^Jg ^7 0 0^ 

«Ji-c > <Di^tea(c*3VNrt>iiff^5 5^jg) iz.x*)Mi& 
ast bTfflv^s.}: 5 {curt. x\\ 

[0 0 7 4] AP^.T*fc, ±|B#HigC0^J-*5VNr 
^-r^J13SrnSC> I I I^Tclg^ h9^f Kit 
^*i#r-ft^t5 J; 5 1- tfc^s, #111^14, pi© 

1 1 im^m-r^ by 4 wk&to*mft-emtfivtz.m& 

[0 0 7 5] ±fB#*«©»Mlfc*SVx-Ctt, 
1^119, 3 9. =?\*/l>mZ, 2 3, 3 3, y— 
hM-4j3it)!3y^^ fjf4-l ^MOCN-Dm^X. 

^•^rcf^drV— (Molecular Beam Epitaxy ; MB E) 
te-^^rt&&M5HHtft=i (Metal Organic Mole 

cular Beam Epitaxy ; MOMBE) <?>fl&(£>C VD 

[0 0 7 6] 

WgfetcD I I I ^5c^-t-^ h7^f YK&m*mfox <0 t£ 
+^tcy- r-SmSr^PJlSr ims©?, Sfe^cD 

^tV>5S i -MOS tmtX 5 

[0077] *&w<DmR%immbyi'i?x?(D 
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s 1 v* o wmzm-tZo 
mi] *Kw<om i (Dmi&vMWiiz&zmfrZb&m b 

[i2] AINtGaNtroKMyPt tGaNtffl 

[Bi 3] miiz.7*vtcnft$h% : mb7>'i?7.?<D-y-b 
-e#>So 

[05] A 1 NCilftfttt^S^RCfflV^^fen- 
GaN/A 1 N/n-GaNWt- K©«/£Sr£-r»r 

[0 7] *5SM©»2©|IJ6«>^lS^5«^*Mh 

[18] H7lc*bfc«IWb*S!b9^^^©y-h 
«ffiTJ-*5tf-S^H3f©^> K*fcftBt»S>S. 
[0 9 ] *&W<?>m 3 0£gffi07BttK:ft£ttjU!Aft3! h 

[010] H9CSUiS:iJMIjH!F?^?oy-* 
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[011] #&W©£U©H;66<0^fc#3«##*3! 
[012] 01 1 CmLfetiWi*! h7^i^^^O# 
[013101 2»c«<#9etIS**-*-WEB-e*> 

So 

[014] 013 Kl«< #«3ftXSSr*-MWBiHT?*> 

So 

10 [0 1 5 ] 0 1 4 fc*SK *tt3S3jBSr«-r»fBH-e«> 

So 

[016] «oi#Mi h7 v^^oiJ^^t 
#fB0-C$>S„ 

[0i7] m*<Di&<Dmft®mmb : 7>i?*f'<om)&& 

1, ll-SS, 2-/^7rl, 3, 2 3, 3 3-f 
•^A-S* hteHdB^ 4 a, 4 b •••MP, 5- 

y—*wm. 7 -y— 8 — 

20 &im. 9, 3 (^-vyrHaw) , i 

2, 15-A1N1, 13-i-GaNf, 14, 16 
•••n-GaNi, 2 3a, 3 3a, 7 3a-lfMI 

(*^VTmj&m) , 2 3 b, 3 3 b, 7 3b-«f* 
f?S (^-ryr^fTS) , 4 1-a^^M, 4 2- 
Mtts 4 3-JMkMU 5 1 -A IN* MftlWBJ© 
-««■•) , 5 2 - -^5-y-- h, 5.3- -S UNJ., ... 
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